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DESCRIPTION 

FREQUHSrCY CONTROL APPARATUS. INFORMAnON PROCESSING APPARATUS 

AND PROGRAM 

5 TECHNICAL FELD 

This invoitiaa relates to a tedbmque for obsoving an operation state of a conHol 
object to qiptopnatebsr control flie operation ftequency of flie ccMitrol object 

BACKGROUND ART 

10 The powa: consumption of an dectronic dicuit system depeaids upon tbe power 

supply voltage and the dock ftequency for operating the system, that is, increases in proportion 
to the square of the power supply voltage and to the ftequency of tiie clodc However the 
<q)eration state or the load situation is not fixed with an information process!^ 
asacomputer: An atcMtBcturc of a system is known wherdn the Systran state changes such 

15 that, for ejcan^le, wbea flie system has a task to process, it opaates, but when it has no other 
task to process after the process of the task comes to an end, Ihe system enters a standby state. 

Several methods are known wherdn an ppaation stale of a Systran is observed and a 
dock or the like is controlled to reduce wasteful power consunqjtion. According to one of the 
methods, Ae dodc ftequency is decreased when it is detected that the system enters a standby 

20 state as disclosed, for example, in Japanese Patent Laid-Open No. Hd 11-219237 (hereinafter 
referred to as Patent Document 1). According to another one of the methods, the load situation 

of abus is measured to calculateabus access rate wilhinapredetemiined period of time, and the 
dock is dianged over between different dodcs in response to the access rate as disdosed, for 
example, in Japanese Patent Laid-Open No. Hei 11-184554 (herranafter leferred to as Patent 
25 Document 2). 

The method of ttie Patent Document 1, however, has a problem in that, where a 
system fiequently repeats a transition between a standby state and an operation state, it is 
necessary to perfomi a diangeover process of the dock fiBquency every time. Tbemefliodof 
the Patent Document 2 has another problem in that a drcuit for supervising the load situation of 
30 a bus is required and also in that it is not suffidentiy hi^ in fleribiKty in that the load situation 
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Of the bus and the load situation of flie system do not always coincide with each olhec 
Ther^Me, the assignee of the present patent ^Hcation has proposed an ardiitecture which 
provides a Mgh flexflality and can reduce the load to the system as a countmneasure against the 
problems of Ae related art methods desofljed above. According to the architecture, the dock 
fiequency can be changed automatically in response to a ratio of the operation stale of the 
system, and an optimum control is used in response to an activity (a ratio with which a target 

dicuit is in an operation state within a predetermined period of time) to mhmnize &^ 
ocxisumption of the system. 

The architecture described above, however; has a problem in the degree of fieedom in 
design in regard to control for determining an operation fiequency appropriate to an operation 
state of a system. 

For exanqde, where an aichilecture whidi indudes an obscavation ciicuit or a like 
dicuitfor supKvising an operation state of ataiggt drcuit, that is, an object of fiequaicy control, 
indudes a hardware configuration for calculating an optimum clock fiequency through fixed 
circuit calculation fiom a result of the observation of the clodc fiequency, it is difficult to control 
the fiequency paying sufBdent attention to the accuracy, a diaracteristic of a load itsdf and so 
forth, is estimated that various tasks are processed by a system (conqniterequqanent and s^ 
forth) induding atask of atype vMdi should be completed as eady as possible at any rate sudi 
as. for example, an ordinaiy calculation process and seardi process and a task of another type 
which imposes only a fixed load and need not necessarily be completed eariy such as, for 
example, reproduction of music or moving pictures. Therefore, it is ahnost impossible to 

irrq)lemrait a configuration for detemaining an optimum fiequency for all of the task types. Or; 
since a configuration or process wMdi is nradi complicated in mounting of hardware is 
inevitably required, ttie architecture described above has a problem in trams of the cost and the 
design. In particular; although it is necessary to detemiine an optimum operation fiequency in 
response to a situation which varies every moment in order to make it possible to effect 
augmentation of the performance and power-saving to be exhiMted flirou^ control of the 
opaation fiequency of the contiol object, it sometimes becomes necessary to diange flie point 
of view of fiequency detamination or the algorithm m response to various situations or it is 
somethnes obfiged to make an extensive design change. For example, it is obUged to make a 
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DISCLOSURE OF TEIB INVENTION 

It is an object of flie present invaition to provide a ftequoicy control apparatus and an 
5 information processiag ^aratus wheran it is possible, in control of an operation fiequeaiqr of a 
control object pedSanned in lesponse to a result of observation of an operatiwi state of flie 
control object, to Kmit the operation fieguaicy or designate an allowable value or the like to 
adueve ixapzovennaat in peacfomiance and power-saving. 

Jn Older to attain the object described above, according to an aspect of flie pressat 

10 invmtion, theie is provided a fiequeocy control ^aratus which observes an operation state of a 
control object and controls an operation fiequmcy of tiie control objed; indu(fing fiequeocy 
detennination means for detennining the operation fiequeocy in response to the opaation state 
of the control object, and fisquency limitatiMi means for limiting a range or a value of tilie 
operation fiequraicy determined by the frequency detaanination means. 

15 According to another aspect of the present invention, there is provided an information 

processing apparatus for controlling a fiequency of a clock signal to be supplied to an object 
device which operates with a fiBquency variably set at aay time, including means for observing 
an opaation state of the object device, frequency detemiinatiOTi means for detennining the 
fiequency in response to the operation state of the object device, and ftequency limitation means 

20 for limiting a range or a value of flie fiequency detemnned by the fiequeocy determination 
means. 

^^^Ih the frequoicy control ^aratus and the information processing ^aratus, if Ihe 
fieqpency determined in response to the operation state of the ccxitrol object is within an 
allowable range or has an allowable value, the control is performed wifli the fiequency 
25 Howeva, if the frequency is outade flie allowable range or does not have the allowable value, 
the fiequency is limited to the aflowable range or allowable value. Consequenfly, the control 
can be performed appropriately and prevent occurrence of an unintended situation. 

Furtfaei; ance a countermeasure is tafcai for limiting the operation fiequency of the 
control object, it is assured to perform appropriate frequaicy control in accordance vpilh a load 
30 characteristic or flie like, and fljerefore, augmentation in performance and power-saving can be 
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antidpated. Beades, an extenshre design change in aichitBcture or Ite 

Also it is possible to limit flie operation jftequency so ftiat it may not come out of a 
prescribed ot designated fieqaoicy range or invalidate an unejqpected fiequaicy value. 

According to a further aspect of the preset invmtion, there is provided a program 
which is used to function in an ^araius for obsraving an operalion stale of a comrol object to 
control an operation fiequency of the control object, inchiding a step of setting, upon or after 
activation of the program, a limitation value fijr limiting the operation ficequency in accordance 
vidth a charactraistic of a load or an accuracy in processing. 

WAi the program, the ficequency can be limited throu^ execution tiiiereof, and 
flexible fiequency control can be implanaited in accordance with a nature of a task to be 
proc^sed or the like. 

Further; since an optimum fixxpsocy value or fiEquenqr range can be designated, 
deterioration of aperfionnanoe, increase of power coosumptiai and so forth can be prevented. 
Ftohet; it is possible to prevent setting of qpaation fiequency limitation by the program ftom 
having a bad influence on a process after execution of the program comes to an eod. 

Ihe above and other objects, features and advantage of the present invention will 
became ^ariMit fiom the following description and the fended claims, taken in conjunction 
with the accompanying drawings in whidi like parts or dements denoted by like reference 
diaracters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG 1 is a block diagram showing a basic configuration of an information processing 
qyparatus according to the present invention; 

FIG 2 is a flow diart illustrating an exaniple of a process for fiequency limitatian by 
the information processing apparatus of FIG 1; 

FIG 3 is a block diagram showing a configuration of an information processing 
apparatus to which the presoit invmtion is applied; 

FIG 4 is a block diagram showing an exanrple of a configuration of a timer shown in 

nG3; 

FIG 5 is a block diagram showing an example of a configuration of a counta: shown 
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inHGS; 

FIG 6A3,C is a timii^ chart iQustiating operatioii of the counter shown in FIG 5; 
FIG 7 is a block diagcam showing an exan5>le of a configuration of a clock siqjply 
dicuit shown in FIG 3; 

FIG 8 is a flow chart illustrating opaation of a control dicuit shown in FIG 3; 
FIG 9 is a blocOc diagram showing an exanq)le of a configuration of the control circuit 
shown in FIG 3; 

FIG 10 is a diagrammatic view illustrating an «cample of control by a fiequeacy 
manage of the infcnmation processing ^paratus of FIG 3; and 

FIG 11 is a diagrammatic view illustrating a concept of an exairqde of setting of a 
fiequaicy in response to activation or aiding of a thread 

BESTMODE FOR CARRYING OUT THE INVENTION 

FIG 1 conceptive illusttates an example of a basic configuration of a fiequency 
control ^paratus of an information processing ^paratus according to the present invention. 
Referring to HG 1, it is presupposed that a firequency control apparatus 1 can ccmtrol the 
operation fiequency of a control object 2 of the information prooessmg apparatus. For 
example, a central processing unit (CPU), a cqprooessor and an image pickup device can be 
listed as a device for ariflimelic operation processing which operates based on a fiequaicy 
sdectivdy set among a pluraHty of clock fiequendes and may be used as the control object 

The fiequency control apparatus 1 includes an obsovation section 3 for observing an 
operation condition of the control object 2 and controls the operation ftequaicy of the control 
object 2. 

A fiequency determination section 4 is provided to determine the operation fiequency 
of flie control object 2 in response to an operation condition of the control object 2 observed by 
the observation section 3. Li particular, the ftequaicy detomination section 4 calculates a 
fiequency which is estimated or predicted as optimum to a cunent state of the control object 2 
based on information obtained tbrou^ observation of the control object 2. It is to be noted 
that a particular calculation method for the fiequency is herdnafler described in detail 

An output of the fisquency determination section 4 is signaled to a control section 6 
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ttuDu^ a fiequraicy limitadoa section 5. 

The fieguency limitatioa section 5 is provided to limit the range or Ihe value of Hie 
operation ftequency detmnined by ttie fiequoicy detamination section 4. In particulai; ttie 
fiequency limitation section 5 reviews the operation j&equency determined by ttie fiequaicy 
5 detennination section 4 to detect whether or not tiie operation fieqaenqr may be conveyed as it 
is to the control section 6. If it is detected that the operati^on ftequency does not remain in the 
allowable lan^ the fiequenqr limitation section 5 limits flie fiequaicy 

In particulai; if it is supposed that the coirtrol object 2 is a CPU, flie ftequency of a 
clock signal wbidi is suppHed to the CPU and defines the operation ftequency of the CPU, that 

10 is, the clock ftequency determined by the fi^quaicy detamination section 4 based on a result of 
observation, may not possibly remain within a ftequency range or not have a ftequaicy value 
presCTibed or designated in advance. Jo. this instance, the firequency limitatian section 5 plays a 
rde of limiting the firequency of the clock ftequency to a value within the predetermined 
fijequency range or to the predetemiined ftequency vahie. For exanq)le, if it is discriminated 

15 fliat the ftequency exceeds the uppa- limit value of the aUowable range, the ftequency limitation 
section 5 limits the ftequaicy to the upper lunit value or lowen On the other hand, if it is 
discriminated that the fisquency is Iowa: than the lower limit value of the aflowable range, the 
ftequoiqr limitation section 5 limits fliefirequencgr to the lower limit value or more^ To tins 
end, flie fiBquency limitation section 5 includes a threshold value setting section fiir setting one 

20 or bofli of tiueshold values for the upper and Iowct limits to the ftequency of the clock signal 

The control section 6 controls the operation frequency of the control object 2 in 
response to an ou^t of tiie ftequency liinitati<Hi secticm 5. For exan^le, a clock signal supply 
circuit wUdi produces a dock signal (system dodc) based on fisquency infiamation from the 
ftequency limitation section 5 or a like circuit and supplies tiie dock signal to flie control object 

25 or a like dicidt is used for tiie control section 6. 

A power supply section 7 siqjplies a powo: siq»ply voltage suitable for an operation 
ftequency of tiie control object 2 in response to an ou^ut of flie ftequaicy limitation section 5 to 
various oM^ponaits of flie fisquency control j^iparatus 1 or of the system induding flie 
ftequency control ^aratus 1. The power supply section 7 is required in orda- to supply a 

30 power stipply voltage confonningvsdfli flie dock signaL 
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WMe ihe fiequoKy detezmmadoa section 4 ftmns haidwaie of fb& system, if a 
process for detamination of the operation fiequency for the control object 2 is assigned fufly to 
flie haidware and an instniction of determined fiequency information is seat as it is to tiie 
control section 6, flesdhiKty in the fiequaicy conttol cannot be anticipated. Preferably, 
5 Ihaefore, a section for limiting the upper limit or the lower limit to the frequency is provided for 
flie fiequaicy information detennined by flie hardware to conqnilsorily diange the ftequmgr so 
fliat flie fiequency may not come out of flie allowable range. Ihos, the fiequency control 
apparatus 1 is configured so that the upper limit value oc/md the lower limit value can be 
changed dynamically by software and it can be designated by software whetha: the limitation 
10 section should be rendered vahd or invalid. To tins ^ a fiequency setting register with 
which a threshold value can be changed dynamically flirou^ execution of a program may be 
used as the iqjpo: or lower limit threshold value setting section. Eadi of such flneshold vahies 
is a registered value as viewed firam an intapretation and execution section (CPU) for a 
program, and flie section described above is implemaoted by varying the register value. 
15 The following threshold value setting forms are available: 

A form wherein the threshold values for flie upper and Iow« limits are set 
sunultaneoudytolunitfliefijequentywidfli of flie dock signal; and 

Anoflier form vrfierein flie flnediold vahies for ttie upper and lower liinits are set to an 
equal value so fliat the fijequcaicy of the clock signal is set to flie fixed value. 
20 Where flie fiequency is Bmited to a fixed value as in flie latter form, automatic change 

of flie fiequency by flie hardware can be invalidated temporarily. 

On flie oflier hand, who® flie fiequency contixjl apparatus 1 is configured sudi that it 
includes a fisequency designation section sudi as a fiequaicy detennination registET for 
designating flie fiequency of flie clock signal, it is possible to direcfly set flie value of flie clock 
25 fisquency and designate flie fiequency by means of software or external hardware while 
invaHdating a clock fiequaicy calculated by flie fiequency determination section 4 which 
determines a clock fi^equaicy. 

For example, such controls as described below can be an&dpstsd by flie medhanism 
desodbed above: 

30 To control flie fiequency such fliat, even if flie fiequency determination section 4 
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detetmines that the cmrent ftequency should be raised or lowered based on mfonnation ftom 
the obsavation section 3, the determination is invalidaled and the frequency is not raised or 
lowered fiom a fixed value wMch can be set by software or the like; and 

To control the ftequaicy with a fixed fiequoicy or a variable ftequeacy detamined 
5 by software or the like while a ftequaicy determined by the frequaicy detennination section 4 
based on information firom die observation section 3 is tenqjorarily invalidated 

Now, a program used to function by an ^aratus for observing the opaation 
condition of the control object 2 and controlling the c^)eration fiequmty of flie control object 2 
is desaibed. The program can be applied, for exanq)le, to a program for implemaiting a 
10 function in a utility or an application or in basic software such as an OS (Operating System) or a 
like program. 

FIG 2 illustrates an oufline of an example of a process wbexs it is discriminated 
whcAa or not flie control ctescribed above should be performed upon activation or ending of an 
appHcation or program to set an appropriate frequency value. By activating the application, an 

15 opaation, performance, power consunq)tion and so forfli of flie system during die opraation of 
the application can be optimized. 

First, y/lxn an plication is to be activated, a request for activating the plication is 
issued at step SI, and then a fiequou^ limitation siting process is executed at step S2. Jn 
particular; at step S2, a limitation vatae or values for limiting the clock fiequeacy (operation 

20 fiequmcy) is set in accordance widi a charactaistic of a load, an acoiracy in processing and so 
forth. For example, whem music reproduction, moving picture reproduction or the Kke is to be 
performed, the clock fiequency is temporarily limited by software processmg so that it may not 
be raised or lowered by an unnecessary amount by flie fiequency determination circuit to 
achieve improvement in performance or reduction of die power axisumptioiL 

25 Then at step S3, the ^Kcation is activated, and thereafter; operation of the 

plication is continued and predetermined program processes are executed. 

Thai, when flie plication is to be aided, a request for ending the plication is 
issued at step S4, and a fisqueaKgr limitation resetting or cancellation process is executed at step 
S5. In other words, the firequmc^ limitation having been performed iqxxa activation of die 

30 ^Hcation is canceled or resetting of the same is performed so that an appropriate fiequency 
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can be obtained in accordance wilb the operation cond^ Then, flie ^Hcation is ended at 
stq>S6. 

It is to be noted ftat, whfle tiie processes at st^ S2 and S5 iUustrated in HG 2 are 
executed by an OS, a device diivCT, a library (a set of subroutines) or the like, they may 
otherwise be executed by the appKcation itself. In this instance, flie processes at steps S2 and 
S3 are executed in the revase orda; and setting of fiequeocy limitation is performed at a 
suitable point of time after the ^Hcation is activated. The process at step S5, however; need 
not be executed lesbicfivdy at the aiding of the ^plication but may be executed during 
operation of tfie appUcation as occasion deaoMnds taking processing contents, the magnitude of 
ttie load and so forth into consideration. 

Such controls as described above are performed, for example, in the following cases: 

In a case whraein, only when a drorit as hardware wMdi requiies a feed ftequency is 
to operate, the frequency is set to the lowest frequency, but when the drcuit is not to operate, flie 
limitation is cancelled so fliat a lower frequency can be set; 

Ja another case wherein the opaation of hardware which does not operate with a 
lower or hi^er fiequeaitgr region is limited to an appropriate range? 

In a fiirflier case whaan, when software which includes a request for the lowest 
operation frequency or a request for flie highest qpaation frequency such as that for decoding or 
enoodmg of an audio signal or a video signal is to opcaale, frequency Bmitation is performed to 
prevmt an inadvertent alteration of the frequoicy or the frequency is prevented from being 
raised or lowered inadvatenfly upon operation of die application; and 

In a still farther case whodn, when an appHcatkm for which a performance, a 
processing speed or the like is required is to operate, a desired frequency is desi^^ 
lowest frequency Oower limit) is set to a higher value in orda to raise the performance even if 
an increase of powa consunqrtion is acknowledged such as, for example, upon writing or 
reading out of data into or from a semiconductor memory medium which can be removably 
loaded into the apparatus. 

Now. an information processing apparatus to which &e present invention is appfied is 
desCTbed. It is to be noted that the information processing apparatus of the present 
anbodimaitcanbe q)pHed to various apparatus including, for example, computer equipment, a 
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PDA (Pereonal Digital Assistance), a mobile commumcaliQn teaminal apparatus, a video 
qiparatus and an image pickup ^rparatus. 

FIG 3 is a block diagram lowing an exampls of a configuration of the information 
processing apparatus 10. 

5 A CPU 11 is used as a taiget ^aratus of an object of control of the infonnation 

processing ^jparatus 10, and the infonnation procesang ^)paratus 10 includes a timer 12 and a 
counter 13 which fonn the observation section 3 described hereinabove, and a control drcuit 14 
which fonns the ftequency detemunation section 4. The infiMmation processing apparatus 10 
further includes a clock supply dicuit 15 which serves as the control section 6, and a power 

10 supply voltage supply drcuit 16 which serves as the powor supply section 7. It is to be noted 
fliat, in tiie infonnation processing qjparatus 10, flie timer 12, counter 13, control dicuit 14 and 
dock si^ly dicuit 15 cooperatively form a firequenqy control drcuit 

The CPU 1 1 qpecates in synchronism wifli a syston dock S YSCUC supplied thereto 
fi»m the dock supply drcuit 15. Ihe clock supply circuit 15 can operate with a ftequency set 

15 at any time among a plurahty of clock ftequendes to produce a clock ftequency of multq)le 
gradations or stages as hradnafter described Thus, the CPU 11 repeats a standby state and an 
operating state to process a desired task. 

The CPU 11 has an activity flag register 111 to which a flag of 1 bit t^oesaiting that 
theCPUllisactivewhmtheCPUllisinanopeaatingstate. Ihe flag is hereinafter referred 
20 to as activity flag and denoted by ACFLG For example, when ttie CPU 11 is in an operating 
state, a logical value "1" is set to the activity flag legistea: 111, but when tiie CPU 11 is in a 
standby state, another logical value •'0" rq>resenting fliat flie CPU 11 is inactive is set to the 
activity flag register 111. 

The CPU 11 sends the activity flag ACFLG set in the activity flag register 111 to the 
25 counter 13 to notify flie counter 13 of an operation condition tiieseof. 

A measurement time period T for measuring the activity of flie CPU 11, fliat is, flie 

ratio of flie operating state wifliin a predetermined period of time, is measured by flie timer 12. 

The timer 12 operates in syndironism wifli a dodc signal FXCLK having a fixed 

ftequency to measure a fixed period of time and outputs aresult of flie measurement every time 

30 as a signal S12 to the counter 13 and flie control dicuit 14. 
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FIG 4 shows an example of a configuration of the timer 12. Refening to FIG 4, the 
timer 12 include a counter 121, a conq>aie register 122 and a conq>aialor 123. 

The counter 121 measures the nimiber of clock signals CI£ aad sends a count va^^ 
VCNT tfaaeof to the comparator 123. Furthei; a comparison value VCMP retained by the 
compare register 122 is seat to the comparator 123, by whidi it is compared widi the 
comparison value VCMP. 

The comparison value VCMP is s^ to the tima: 12 in accordance with a signal S 141 
fix)m the control circuit 14. Thai, at a point of time y/hm the count value VCNT becomes 
coinddemt with flie comparison value VCMP, a coinddaice signal S12 rg)resenting the 
coinddoice is outputfced finom the comparator 123 to the counter 13 and the control circuit 14. 
The coiaddmce signal S12 is sent also to a reset terminal of the counts 121 to clear the count 
value of file counter 121. Thus, the coinddence signal S12 is ou^tted in a fixed period in 
accordance with flie measurement time period T wMdi corresponds to the conq)ariscHi value 
VCMP. 

The counter 13 shown in FIG 3 is a circuit for measuring the activity of the CPU 11 
and operates in synchronism with the system clock SYSCLK. Thus, the counter 13 counts 
pulses of the system clodc SYSCLK when the CPU 11 is operative in accordance with the 
activity flag ACFLG of the CPU 11 and outputs the count value as a signal S13 to the control 
circuit 14. 

FIG 5 shows an example of a configuration of the coimter 13. 

When the activity flag ACFLG is inputted as an enable (EN) signal to the counter 13 
and has the logical value "1", the counter 13 performs a counting up (addition) operation in 
synchronism with (be sj^tem clodc SYSCLK Furth^ every time the coinddence signal S12 
is recdved as aclear signal from flie tima: 12, the counter 13 initializes the count value thereof. 

FIGS. 6A to 6C are timing diarts illustrating flie operation of flie counter 13 and show 
flie waveforms of the system clock SYSCLK, activity flag ACFLG and flie state of flie counter 
13, respectively. 

The counter 13 initializes flie count value thereof in response to the coinddmce signal 
S 12 sent flieteto from the tima: 12 afte evecy measurement time period T as shown in FIG 6C. 

When flie value of flie activity flag ACFLG from flie CPU 1 1 indicates an operating 
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State of ihe CPU 1 1 as shown in FIG (SB, that is, whm the activity flag ACFLG in HG 6B 
exhibils the logical vahie a counting qpetation, that is, an adding operation, of Ifae counter 

13 is petfonned. 

On tbe other hand, vfhea the value of the activity flag ACFLG fiom the CPU 11 
exhibits a standby state of the CPU 11, that is, when the activity flag ACFLG exhibits the logical 
value "(f', the counting operation is stopped. 

Refiaiing back to HG 3, the control dicuit 14 is provided to determine the fiequency 
of &e Systran clodc SYSCLK based on an operation state of the CPU 11 obsaved after every 
fixed intaval of time. In particular, the control dicuit 14 fetches the signal S13 fiom the 
counter 13 in synchronism with the coinddence signal S12 fiom the timer 12 to measure the 
activity ACT of the CPU 11 within the measurement time period T. Then, the control drcuit 

14 detmnines fte ftequOTcy of the system dodc SYSCI^ to be set subsequmtfy based on the 
measured activity ACT. 

Athreshold value setting section 17 for setting threshold values for an uppa: limit and 
a lower limit to the clock fiequency determined in response to an operation state of the CPU 11 
and forms the fiequaicy limitation sedion 5. In the dicuit shown in HG 3. the threshold 
value setting section 17 includes fiequency setting legisters 17U and 17L in wWdi threshold 
values whidi can be dianged dynamicafly through execution of a program are stored. In 
particular; the registo: 17U is used to set an upper limit fiequency while the register 17L is used 
to set a lower Mmit fiwjuency, and the register values set into them through an output port as a 
lesultof execution ofacommandbytheCPU 11 are referred to by the control circuit 14. Asa 
result of the provision of the registers for designating an upper limit and/or a lower 
fiequency, the fiequency calculated by the fiequency control dicuit is limited to the i^er limit 

or the lower Kmit, fliat is, limited to a value within the range defined by the upper M 
the lower limit Or; since such control as to set the upper limit and tiie lower limit to an equal 
value to temporarily fix the fiiequency so that a particular fiequaicy may be obtaiied, can be 
performed by software processing, flexible fiequency control suitable for a situation can be 
anticipated. 

The control drcuit 14 ou^mts a signal S142 for cauang flie system dodc SYSCLK 
having a fiequency determined in this manner to be supplied to the CPU 1 1 and the counter 13 



wo 2004/100370 PCT/JP2004/006517 

13 

to die dock siq)ply diciiit 15. Riiihei; tbe control dicuit 14 outputs a agnal S141 of a 
cxanparison value VCMP to be set to the conq)aiB register 122 of the timer 12 to tbe timer 12. 

It is to be noted tbat, in an ardritecture wbaein a fiequemcy designating register is 
provided as a ftequaicy designation section 18 for direcfly designating the dodc fiequaicy by 
software, a ftequaicy corresponding to a register value set as a result of execution of a 
command by the CPU 1 1 is detamined by the control- dicuit 14, and in this instance, the 

fiequency determined based on a result of ineasuiement of the activity ACT is invaHdalBd fi 
is to be noted that, for the conveniaice of ilhistiatioD, FIG 3 shows both of the ardritecture 
which uses the registers 17U and 17L and the architecture which uses the register 18. 
Howeva; when it is intmded to raise the fiequency, if the fiequency cannot be dian^ 
suddenly to a designated fiequency value, such a consideration as to gradually vary the 
designated ftequem:y value so that the fiequency may graduany ^^aoadi the taiget ftequ^ 
vahie. This amilarly^Hes also to the ardutecture which uses the registers 17U and 17L to 
designate a particular fiequaicy, and sudi a process as to gradually decrease the frequency 
width toward zexo may be paf onned. 

In-order to cancel settings relating to the fiiequency limitation or the fiequency 
designation as desaibed above using software, fiar exanq)le, sudi a method as to set a spedal 

value as theregister value or setavahiewMdi does not signify any numerical limitation sudias^ 
for example, a value exceeding the hi^est anowable fiequency or zero may be used 

Ihe clodc supply circuit 15 produces and signals clock signals having diffaent 
fiequendes to the CPU 1 1 and so forth. In particular, the clodc supply drcuit 15 can produce a 
signal of a multiple gradation (stage) dodc fiequency as the system dodc SYSCLK and 
suppKes the system dodc SYSCLK having a clodc fiequency indicated by the control signal 
S142 fiom the control drcuit 14 to the CPU 11 and the counter 13. In order to obtain a 
mullq)le gradation clodc fiequency, various architectures can be appUed including an 
ardritecture wherdn a suitable clock signal is selected among a plurality of choices for the 
fiequaicy, another architecture whidi aUows the setting of the fiequency value of a clodc 
osdllation drcuit to be dianged arbitrarily and a fiirlher ardritecture wherdn a phiraBty of 

fiequendes are combined with respect to time sudi that dodc signals having the fiequendes ^ 
dianged ova after a predetermined interval of time, that is, an average fiequency value within a 
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ptedetennined pedod of time is coatrolled. 

EEG 7 shows an €xaxnpl& of a configuraiion of the dock siq>ply dicuit 15. 

Refiarring to HQ 7, the dodc sapply dicuit 15 shown indudes a phase-locked loop 
dicuit PLL dicuit 15 1 for osdllating a clodc signal of a predetennined ftequoicy. a frequency 
divider 152, and a selector 153. 

Adock signal sent from the PLL circuit 151 to Ibe fiequaicy divider 152 is divided in 
accoidance with difBaent dividing ratios to produce a pluiaKty of, four in the dock sapply 
drcuit 15 shown in HG 7. clock signals having diffenmt dock fiequendes fO, fl, f2 and f3. 

The selector 153 selects one of the four clock signals from the frequency divider 152 
which has a clodc frequaicy indicated by ihe control signal S142 from the control dicuit 14 and 
outputs tfie sdected clock signal as the system clock S YSCLK. 

It is assumed here that a dodc signal of a frequaoicy of 300 MHz is suppKed from flie 
PLL drcuit 151 to the fiequaicy divider 152 and the frequency divider 152 has dividing ratios 
of 1/3, VA, 1/6 and 1/12 set thercfon In iWs instance, the selector 153 selects one of clock 
frequendes of fl) (= 100 MHz), fl (= 75 MHz), f2 (= 50 MHz) and f3 (= 25 MHz) obtained by 
the frequaicy division of the clodc signal by the frequency divider 152 and ou^ts the dodc 
signal of flie selected dock fijequency as the system clock S YSCUEC It is to be noted thai, 
according to control which uses a comhinatian of frequendesi sdection of the frequency fl ft>r 
tl seconds and selection of the fisquency for t2 seconds can be pafomied repetitively to set 
sudi an interanediate frequency as "(fl 'tl + f2 t2)/(tl + 12)". 

Ihe control signal S142 of the control circuit 14 is sent not only to flie dock supply 
drcuit 15 but also to the power supply voltage supply drcuit 16 (refer to EEG 3). In other 
words, the lowest power supply voltage Oiereinaftta- refeaied to as power supply voltage VDD) 
necessary to assure operation of the system with a frequency indicated by the clodc supply 
circuit 15 is suppKed to the components of the system. Thus, the power supply voltage VDD 
is varied ormaintained in accordance wifli the indication of the control signal S142. 

Now, operation of the control dicuit 14 when some margin is takm into considaation 
in detmnination of the frequency of flie syst^ and a step between rmMple gradation 
fiequendes is taken into considerationinprodudionof clodc signals by flie clodc supply drcuit 
15 is described first with referaice to a flow chart of FIG 8. 
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The CPU 11 operates in synduxmism wifli ttie system dock SYSCLK supplied 
fliereto fiom the dodc supply dicuit 15 ^di can produce multiple gradation dodc fiequoides 
to process a desired task white lepesSng a standby state and an opesrating state. First at step 
STl, the CPU 11 measures the activity ACT. 
5 An outline of a processing procedure is such as described below. 

(1) When flie CPU 11 is in an operating state, the activity flag ACFLG is set to flie 
rcjgista: 111 (logic vahie "1"), but when the CPU 11 is in a standby state, the activity flag 
ACFLG is cleared in the register 111 (logic value "(f). 

(2) The value of the register 111 is signaled to the counter 13 so that the counter 13 is 
10 notified of the operation state of the CPU 11. 

(3) Hie counter 13 recdves the signal S12 rqwesentative of flie measurranent lime 
period T fixm the timer 12 and performs a counting operation in acoordance wifli a value 
indicated by the activity flag ACFLG Jn otber words, while the CPU 11 remains in an 
operating state, tiie counter 13 counts the system clodc SYSCLK. 

15 (4) Hie counta: 13 outputs the count value tiiereof to the control circuit 14, and the 

control drcuit 14 calculates the ratio of the period of time witfiin wMdi the CPU 11 has been 
operating within the predetermined measurement time period T, that is, tiie activity ACT of the 
system. 

At nejd: step ST2, flie CPU 11 oonqjares the acquired activity ACT witti a first 
20 threshold vduewMch is a .diBference of a current £requericyfcfix)m a inaiginMGNl. Iftiie 
CPU 11 discriminates that the activity ACT is hi^er than the threshold value, it advances its 
processing to step ST3, but in tiie othar case, its advances its processing to step ST4. It is to be 
noted ttiat it is necessary to pacfoon tiie conqtarison betweoi flie activity ACT and the current 
fijequencyfc in equivalait situations. In particular, taking it into consideration that tiie activity 
25 ACT is a function of tiie current ftequoocy fc, it is necessary to convert flie activity ACT into a 
fiiequaicy In tiiis instance, tiie activity ACT = 100% is equivalent to tiie number of all clocks 
of tiie current frequency fc counted wifliin tiie measuremoit time period T. Or; where flie 
activity ACT represoits a count value of dodcs wifliin flie measurement time period T, nabirally 
it is necessary to covert flie currait frequency & into a dodc count value wifliin flie 
30 measuzemait time period T. 
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At Step ST3, since it is necessary to raise ttie fiequency of the system dodk SYSCLK, 
the CPU 11 adds a predetermined fiequency step ,,f to liie cu^ 

resulting ftequaicy value. In oUict words, tiie CPU 11 detemiines flie fiequency (cunent 
fisquency fc + „ f) incremented by one st^ fiom flie current fiequency fc as a next fiequ«icy. 
Thereafter, the processing advances to step ST7. 

On liie otiia: hand, at step ST4, the CPU 1 1 oon^ares the activity ACT obtained at 
step STl described haeinabove wifli a second threshold vahie which is a differraice of a margin 
MGN2 fiom a fiequency obtained by subtracting the fi^juency step „f fiom the cunent 
fi»quencyfc to decrement the cunent fiequency fc by one step. If the CPU 11 discriminates 
that the activity ACT is lower than the threshold value, the processing advances to step ST5. 
In flie other case, howevor, the processing advances to step ST6. 

At step ST5, since it is necessary to lower the fiBquency of the system dock 
SYSCLK, the CPU 11 subtracts the predetmnined firequency step „f fiom the current 
fiBquency fc and adopts a resuMng fiequency value. In oflier words, the CPU 11 lowers the 
current fiequency fc by one step to obtain a fiequaicy (fc - „ f) and determines the fiequaicy (fc 
-„f) as a next fiequency. Tliereafter, the procesang advances to step ST7. 

When none of the conditions at steps ST2 and ST4 is satisfied, the processing 
advances to step ST6, and this signifies that Oie activity ACT is in a state appropriate with 
respect to flie fiequency of the system dodc SYSCLK. Therefore, the current fiequency fc is 
maintained at stq)ST6. In this state, the processing advances to step ST7. 

At step ST7 reached after step ST3, ST5 or ST6, the CPU 11 compares the changed 
or maintained fiequency value with the fiequraicy range or the fiequency vahie prescribed by 
the registsas (refer to reference numerals 17 and 18 of HG 3) to detamine whether or not the 
fiequency value is allowable. If the fiequency value is aflowable, the processing returns to step 
STl, but if the fiequeojty value is not allowable, the processing advances to s^ ST8. 

At step ST8, the CPU 1 1 limits the fiequency value to an uppa: or Iowct limit value car 
to a particular fiequaicy value. Thereafter, the processing returns to step STl. 

In response to the fiequency value determined in this manner, the dodc supply circuit 
15 sdects a clodc signal in accordance with the control signal S 142 fiom the control dicuit 14. 
hi particular, one of the dodc signals fijom the fiequemcy dividar 152 whidi has flie dodc 
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fteqaency indicated by the fiequmcy value is sdected by Ihe selector 153. and the sdected 
clock signal is suppHed as the system dodc SYSOJC to the CPU 11 and the countssr 13. 

In this mannei; variation or maintaiance of flie fiequmcy is repealed in a period of the 
predetramined measurranent time period T. 

It is to be noted that, in order to detamine a next fnequency of the system dock based 
on a cunent fiequency, condrtions for raising the fiequency and how to give an iqjper Kmit and a 
next fiequency or conditions for lowedng the frequency and how to give a lower limit and a 
nsrt fiequency should be defined appropriately in accordance with a configuration, 
characteristics and so forth of the system. Further, the margins MGNl and MGN2 can be set 
suitably using a method which sets them to an equal value and another method whidi sets them 
to diffetiMit values fiom each other such as, for exan?>le, a method which varies one or both of 
the margins stq>wise or continuously in response to flie activity ACT, fiequency range or flie 
like. 

FIG 9 shows an exan^le of a configuration of the contiol drcuit 14. It is to be noted 
tiiat, in fee control drcuit 14 shown in HG 9, tiie margins MGNl and MGN2 are set to an equal 
value MCa^ whidi is a positive value. 

Refaring to FIG 9, tiie control circuit 14 shown inchrdes an adder 141, a subtiactsa: 
142. anoiha: adder 143, a pair of comparatats 144 and 145, a selector 146. a Kmiter 147, a 
storage dement 148 and a decoder 149. 

Ihe storage dement 148 stores data represaitative of the cunent fiequency fc and 
signals the data to the adder 141, subtracter 142, selector 146 and comparator 145. 

Ihe adder 141 calculates a sum vahie "fc + „f of flie current fiequency fc and ttie 
fisquency step „ f and outputs it to flie selector 146. Meanwhile, flie subtracter 142 subttacts 
flie fiequency step „f fiom ttie currMit fiequency fc to detennine a difference *tc - „f' and 
ou^rats tiie difBaneoce "fc _„ f to flie selector 146 and the comparator 144. 

The addCT 143 adds flie activity ACT oulputted fiom tiie counter 13 and flie margin 
MGN and signals a resulting value "ACT + MGN" to flie conqiarators 144 and 145. 

Ihe comparator 144 con5)ares flie difference "fc - ,. f outputted from flie subtracter 
142 and flie sum "ACT + MCSNP' outputted fiom flie adder 143 wifli eadi oflier to determine a 
rdationship in magnitude between fliem and signals a result of flie comparison to flie selector 
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146. 

Meanwhfle, the comparalor 145 conqiaies Ihe cunent frequency fc and the sum 
"ACT + MGa^' oulputted fiom flie adder 143 with eadi other to determine a relationshq) in 
magnitude between them and signals a rreult of the comparison to the selector 146. 

The selector 146 thus recdves the data of the current ftequency fc, the sum "fc + „ f 
and the difference "fc - „f' supplied thereto and selects a ftequency based on the results of 
conq)aiisQn by the cranparalors 144 and 145. The sdector 146 thus signals the selected 
ftequency to the limiter 147. 

The limitea: 147 refers to the ftequency vahie or values firom the register or registers 
(17 oi/and 18), that is, die vtppex oi/and lower limit values or the particular ftequency value to 
limit the ftequency value horn the selector 146, and sends a result of the ftequency limitation to 
the storage element 148. The data of the new fijequency is thus stored into the storage dement 
148. Consequenfly, the value of the current ftequency fc is updated. This updating is 
pafomied aflra: every measurement time period T in accordance with an instniction ftom the 
tima-12. 

The data of the current ftequency fc stored in the storage dement 148 is sent to the 
decoder 149. Hie decoder 149 thus produces and ou^ts an instraction signal (S142) for 
causing the dodc supply drcuit 15 to sdect a clodc based on the data recdved ftom the storage 
demoit 148. 

Accordingly, the coniparison discrimination at step ST2 of FIG 8 is performed by the 
comparator 145 while the comparison discrimination at step ST4 is performed by the 
comparator 144, and the processes at steps ST3, ST5 and ST6 are perfi)rmed by the seJector 146. 
Further; tiie processes at steps ST7 and ST8 are performed by the limiter 147 based on the 



As described hodnabove, the CPU 11 repeats a standby state and an operating state 
to process a task in synchronism with the systeaa clock SYSCLK and sends the activity flag 
ACFLG to the counta: 13 to measure the activity representative of the operation state of ttie 
CPU 11 within the measurement time period T. Then, a ftequency of the system dock 
SYSCLK to be set subsequenfly is determined based on the measured activity. Hrereupon, 
however; the dock fiBquency is limited with an upper limit threshold value or a lower limit 
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threshold value designated by a legists or Kmited so as to have a particular ftequency value. 
A Systran dock S YSCLK having a frequency checked in this manner is gm^ated by the dock 
supplydicuitlSandsmttDtheCPUllandsoforth. Accoidingly, when the dock ftequmcy 
undergoes no finequoicy limitalion, it is automatically dianged in accordance with the activity of 
5 the sj^tem, tiiat is, the ratio of the operating state of the system, but wheaa the dock fiequency 
undergoes ftequoicy limitation, any fiequeaqr outside the allowable range is limited to the 
upper limit value or the lower limit value or else is invaKdated and dianged to a particular 
fi:equfflicy. 

tt is to be noted that, while, in the foregoing description, only the CPU 11 is takm as 
10 an object of control, a plurality of objects may be used to control liie clock j&equeacy For 
example, fcequaacy control of the system clock S YSCLK may be performed based on a result 
of measuremottt of qpoation conditions of the CPU 11 and a plurality of padpheral circuits. In 
an actual drarit system, the CPU 11 and some otha: podpheral dicuit or drcuits may be 
operating simultaneoiisly, the ped^h^ drcuits rim^ 11 is 

15 operating, or conv«sely the pmphecal drcuits may be operating while the CPU 11 is in a 
standby state. 

Therefore, if signals representative of ppa:ation conditions of the CPU and the 
peripheral drcuits are used to determine a logical OR signal and the thus detmnined signal is 
siq>plied as an raable signal to the counter 13, firequonicy control of the system clock SYSCLK 

20 can be performed based on a result of synthetic measuremait of the operation conditions of the 
plural control objects. In otiier words, if activity flags ACFLG individually representing 
operation conditions of the control objects are used to determine a logical OR signal of the flags 
and flie determined logical OR signal is sent to the counter 13, flie flag indicated by the logical 
OR signal can be regarded as the activity flag ACFLG indicative of the operation state of the 

25 mtire systCT[i. Since this makes it posable to adopt tiie same control method wittiout 
depending xspon the number or the types of the control objects, a high degree of flexiWlity can 
be adiieved Further, since flie operation condition of each of the control objects can be 
managed with the value of the activity flag ACFLG of 1 bit, considerable dicuit modification or 
the lil^ is not required. 

30 Subsequently, managemrat of tiie clock fiBqumqr where a plurality of applications 
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are opaating is described Accordmg to conveotianal fiBqumQr management, for exai^ 
only sinq)le designatira of a ftequajcy oonesponding to an ^Hcalion is posable. and it is 
difficult to obtain a suffidait pafonnance whae a plurality of appKcations opeiate on an 
^paratus which incoiporates an OS having a multi-task function. Fuilhei; it is difficult to 
paforai detailed management of a fiequency because the managemaot is so rough ihat setting 
of a fiequency or the like is pafonned using flie timing of activation or aiding of an application 
asatrigga: 

Therefore, in the following desci5)tion, an architecture is described which includes an 
element (fiequency management section) which receives, fiom programs v^toch are in an 
operating state, request information relating to a clock fiequency suitable for an operation or a 

process of any of the programs and manages such information in a unified fedrion. Itistobe 
noted that flie fiequency management section (hadnafter referred to as fiequenqr managa) is 
formed, for example, as software such as. for ecample, part of an OS or a device driva and can 
control, as setting paiametas, flie fiequency of the system clock, an upper limit fiequency 
and/or a Iowa Ihnit fiequaicy for the clock fiequency which are controlled aulomaticaUy by 
hardware, and so fortii. 

FIG 10 illustiates an exanq)le of a ccmtrol algorithm. 

Referring to HG 10, in ihe esKample illustiated, two plication programs PA and PB 

operate such fliatflieyhaveapaiodChaeinaftaieferredtoasovai^g period) within which 
Ihey operate in an ovalapping relationship with each oiha in time. A fiequaicy request for 
die system clock is issued fix)m each of the appHcation programs PA and PB to tiie fiequaicy 
managa 9 through a Uhrary (or device driva or Ihe like) 8 called fiom the program. Attime 
miinFIG10,alihraryorthelikBiscanedfiomflieappUcationprogramPA,andattimeTA^ 
tiiecafled process comes to an end. Furlha,attimeTBl,ahTiraryorflielifceiscaUedfiomthe 
^Hcation program PB, and at time ra2. the caned process is comes to an aid. Itistobe 
noted fliat the time mi or TBI may be a point of time at which flie respective program is 
activated or anotha point of time at which a particular process becomes required. 

Whoi a library or a device driva is called in a particular process such as a moving 
picture process or a speech process fiom any of the appKcation programs PA and PB which 
opaate on flie presait system, flie library or device driva suppKes fiequaicy information 
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necessary for the process to the beqacacy manager 9 so that optimum setting may be pecf oimed 
by the fnequmcy manager 9. Since the library or device driver grasps contaits of operation of 
itself in advance, it can retain information of an optimum setting paramet^ for flie operation in 
ttie form of a numerical value or a lookup table. 
5 System clock information or the like may be set in tihie following maimen 

To set the lowest fi^equmcy for an application wMcfa involves the lowest necessary 
ftequmcy (for exanqple, in orda: to p^orm SQdal communication, to set the fiequency to 16 
MHz QAegshertz) or more; 

To teirporarily raise the Iowa: limit value for the fiequaicy in oida: to raise the 
10 performance (for example, where a secondary storage apparatus for whidi a semiconductor 
memory or the like is adopted is used, to set the fiequ^cy 96 MHz or more); 

To control the fiiequeacy so as not to become low«* than the Iowa- limit value in order 
to prevCTt deterioradon of the performance or the data quality and so forth (for exanople, to 
15 control the frequency to 32 MHz or more iq)on mixing of PCM soxmd data or to control the 
fiequeacy to 64 MHz or more upon recording of moving pictures); 

To set the highest frequency in an plication which does not require a performance 
higher Aan a fixed levd (for exairq)le, to control the fi^quoicy 64 MHz or lower upon 
reproduction of sound data or the like); and 
20 To set a fixed ficequency value ot an initial value for the frequency suitable for an 

application. 

In addition, a lower limit value or an xq)per limit value to a frequency can be set in 
accordance with the type, transfer rate, format or tfie like of data of an object of processing. 
WhCTe a lower lunit value to an operation fiiequenqr of a CPU, a DSP (Digital Signal Processor) 
25 or the like is determined in accc»xiance with a bit rate when a file including moving picture data 
or sound data is to be opened or in a like case, preferably the frequency lowo: limit value (123 
MHz) is deteraiined in accordance with tiie hit rate (786 kbps), for example, of the MPEG 
(Moving Picture Experts Qroap) 4. In short, the lower limit value is set to a higher value as the 
bit rate increases. 

30 From the point of view of the oitLre systrai, in a situation v4ierein a plurality of 
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plications are processed simultaneously and therefore a background process moves bdmd a 
foreground process, it is not known to the appHcatiQns,aUhrary,adevicediiva- or the Ifl^ 
other programs are bang executed cunenliy. Ihaefore. optimum setting cannot be achieved 
if individual fiequency setting is performed directly. Accordingly, an element wMdi performs 
unified managemeit of fiequendes is required, and flie fiequaicy manager 9 has a role of 
detennining a frequency range or a fiequaicy value by changing flie threshold value settings 
based on fiequency setting infinmation. 

Ja flie fiequency manager 9 ilhisliated in FIG 10, the appUcation program PA whose 
lowest fiequency is 64 MHz and the appUcation program PB whose lowest fiequaicy is 32 
MHz are illustrated in a situation wherdn they move in an oved^g relationship xwlhin a 
period of time fiom time TBI to time 1A2. Eachof the libraries (or device diiveis) 8 cafled 
fiom ttie individual programs conveys, at an enhance and an exit thaeof. optimum fiequency- 
setting infonnation to flie fiequency manager 9. The fiequency manager 9 flius performs 
optimum siting based on die received mfoanaticHi. 

For example, the lowest fiequaicy within tiie period fiom time TAl to time TBI is set 
to 64 MHz, and the lowest fiequency vwfliin flie period fiom time TA2 to time TB2 is set to 32 
MHz. is to be noted fliat flie l^'^nomial operation" signifies a state wherein minimum 
elements necessary to flie system such as flie fiequency manager 9 or flie OS are operating, fliat 
is, astalewherdn flie lowest fiequency is set whne no q>pKcation is operating. 

For example, flie following two forms are available for an algoriflim for allowing flie 

fiequencymanager 9 to setanq)propriatefiequaicy wifliin an overl^gpaiodwifliin which 
a plurality of programs are operating: 

(0 A ftmn wheran information having a maximum value among flie ghren lowest 
fiequaides (lower limit values), hi^ fiequaides (upper limit values) or particular 
fiequendes is adopted and set (maxhnum me^od); and 

(n) AnofliCT fonn wherdn infonnation obtained by adding flie givem lowest 
fiequendes (lower limit values), highest fiequendes (uppa limit vahies) or particular 
fiequendes is adopted and set (adding or totaling mefliod). 

FiBt, according to flie maximmnmefliod (1), when flie fiequaicy manager 9 recdves 
a notification of information induding Iowa limit fiequaicy values or uppec limit fiequaicy 
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values reqimed for ftie dodc fcequoK^, it adopts a maxfannm frequency value fiom wi^ Ihe 
received infannation. For exan^le, where the lower or upparlmutficequendesiei^ 
operating qjplications trough libranes or the Ifloe ate iq«reseiited by fi (i = 1, 2, ...) and a 
maximum value function is rqaesented by MAXQ, the fiequency manager 9 calculates the 
5 preset value fe in accordance with fs = MAX(fl, £2, ...). 

Where the maximum ihethod ® is appHed to an example of HG 10, the regions of 64 
MHz and 32 MHz oved^ with eaA other within an overlapping period ftom 
•IA2, and fiar the oved^>ping period, MAX(64, 32) = 64 MHz is set 

On Ae other hand, according to the adding or totaling method (11), whoi the 

10 frequency manager 9 receives a notification of information including lower limit values or 
upper limit values required for the clock frequaicy, it adopts a frequency value obtained by 
adding the fisquency values of flie received infonnation. For exaii5>le, the fiequency manager 
9 uses the fijequendes fi 0 = 1, 2, ...) mmtioned hereanabove to calculate apreset value fe in 
accordance with & = „&(,, repBsaits the sum total with regard to the natural number variable i). 

15 Or; another farm may be used wherdn flie addition is fiirthex generalized such ttiat values 
obtained by multiplying the fijequoides fi by wd^hting coeffidents M (preset value fe = 
„(ld-fi)) are added 

WhoB the addirig or totaling meaK)d(n) is appUed to the exainple of FIG 10,64 + 32 
= 96 MHz is set witldn an overlapping poiod from time TB 1 to time 1^2. 

20 ft is to be noted that also a form wMdi uses both of the inaximum method ©and the 

adding or totaling method (U) depending upMi a situation or conditions is possible, and a 
fiequency range (upper and lower Hmit values) or a frequency value for the clodc signal can be 
detaniined in accordance wifli various cjdculationrneaiods. Rirther; whai a certain program 
comes to an end in the system, a notification of the end of the program is sent to the fiequeicy 

25 manage 9, and the fiequency manage 9 pafonns a process for restoration of the optimum 
setting by updating the frequency setting as occasion demands. For example, in the maximum 
method (I), when a certain program comes to an end, a maximum value is adopted fiom within 
fiequency information of the remaiinng programs. Meanwhile, in the aiding or totsding 
method (U), when a certain program comes to an end, a value obtained by subtracting the 

30 fi»ju«aicy information of the program fiom the sum total of frequency information till then is 
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adopted In edther case, a jfinequmcy range or a fnequmcy value is set based on inf onnation 
including Iowct limit fiequmcy values or upper limit fiequCTicy values required for the clock 
frequency ftom the othor operating programs. It is to be noted that ttie adding or totaling 
method (H) is jiref^ably used whrai requests for resource acquisition ftom a plurality of 
programs are competent, but wh^ there is no possibility of sudi competition, the maximum 
method (I) can be used 

The convmtional ftequency management does not take it inconsideration that a 
phiraKty of plications opiate and, for example, vAiea a ceatain application program is 
executed, setting unique to the application is perfonned to the utmost Iherefore, such fine 
setting cannot be achieved by the conventional fiequency management In contrast, according 
to the ftequmcy managemoit descdbed above, a request for fi:equCTK^ setting can be issued to 
the fiequmcy manage 9 any time when a hi^ processing performance is required foe a library, 
a device driver or the Bke. Therefiore, the £requency manag^mmt descdbed above can cope 
also with such a situation tibat a Mgji paformance is requked at part of a process (task) of an 
appKcation. Furflier, even where an application whidi requires a plurality of performances is 
operating, since unified ftequency managraient can be perfonned by the ftequency manager 9, 
it is possible to adbieve optimum setting for the entire system, which is dfficult ftom an 
individual point of view fix>m the plication side. In other words, a ftequency can be set 
while the overall situation of the entire system is grasped suffidmtly. 

As described above, in a system wherein, in control of a system clock or the like, for 
example, upper and Iowa: limits to the clock fi:equency can be controlled by software, 
preferably a library, a device driver or a like elemmt called from an application when the 
^plication is executed transmits system dock information suitable for its operation to a 
fiequmcy manager so that the fi:equency manage* controls the fiequency of the overall system. 

It is to be noted that, while the foregoing description is directed to the form wherdn 
an application communicates with the frequency manager 9 through a library or a device driver, 
the form of communication is not limited to this, and various forms are possible including a 
form wherein an application itself communicates with the fiequenqjr manager 9. 

Further; the form \^erdn frequency request information is transmitted to a ftequency 
manager is not limited to the form whanein an plication, a Ehrary or a like element called ftom 
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an^Ucationisusedasaproce^guoittoperfoimlheto^ For sample, where a 
process (wMdiis an anocatioa unit ofaconiputerxe^^^ 
a thread or ite like) or a ttaead (wind, is a nmiimum un^ 

fonnedfiom aprogram oomter; various register sets, a stack area, a^^^ 
5 forth) is used as a unit, finer control can be anticipated. 

lnorde^toreducepow«consun^tion.atechniqueofvatyingthedocifiequ«K^ 
aa>U.aDSP.amemory.abusortheliteasoccasiondemandsisused. However in a system 
wherdn processes or threads whidi operate in a muW-toead envi^ 
«ivironment whidi aOows one process to have a phnaBty of threads, are not specified, it is a 
10 ProblemhowtodetemiineaclockfiequencynecessaiyforaCPUandsoforth. 

lhasingle thread system, the clockforaCPU,aDSP.abus or thelikenecessifaled by 
the thread is knov^ in advance, and therefore, the dodc fiequency may be set to a value vMct, 

satisfies operation of them. However in a muW-lhread system, individual clodc fieque^des 
camiotbespedfiedinadvance. a method is adopted wh«dn an operation situation 

15 <>f^a^<«^*e like is measured to variably and dynamicaUy control the cloc^ 

Howev«;whereadelay in response time matters, for example, the clodc fiequency rises afl^ 
shortage of the performance fiom a necessary level is fomul through a measurement 

Therefore, since the clodcfiequ«Ky is lowered afte it is found after measurement &at there is 
the possiWty that diortage in perfommce may tenqK^rarily occur w^ 
20 J^vingaMghloadisacdvatedorthattheCPUortheHtehasasuperfluousperfo^^ 
thread or aprocess comes to an end, wasteful power is consmned in the meantime. 

Therefore, wh«e the fomr (JD described hereinabove is adopted, the following 
control is adopted: 

To regist^adodcftequency required byaprocessoraftiead in advance; 
25 lb cause the fiequency manager to calculate a sum total value of fiequ^des relating 

to an of processes or ftreads being currmtly active in regard to programs o 
system to perfonm setting management of clock fiequendes; and 

To cause, when an activated process or thread comes to an ead, flie fiequency 

rnanager to subtract the fiequency regarding tiie process or thread fiom fte ^ 
30 fiequendes to update the clodc fiequency. 
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M other words, ftequaides requked by individaal processes or threads are registered 
into a database* a r^srence table, a header or the like in advance. Hien, in order to calculate a 
ftequeocy whidi satisfies flie fisquendes required for all of processes or threads bdng currently 
active, fliefiequency necessary befioie a process or fliread is activated is added, andimmediatdy 
5 afta: a process or fliread comes to an end, the fiequency regarding the process or thread is 
subtracted from the sum total value, therdjy to set a normally optimum frequency Ihen, a 
dodc of the set frequency is suppKed to the CPU, DSP, monory, bus and so forfli. ft is to be 
noted fliat the applied system may have any of flie following ardritectures: 

An architecture wherdn a dynamically variably settable clock is indepaident among 
10 individual functions of the system such as a CPU; 

Another ardiitecture wherdn a dock frequeacy can be set only for some of functions; 

and 

A finthar architecture wherdn a dodc frequency can be set collectively for all 
functions or a plurality of functions. 
15 Iq the following, for simplified description, an example of an architecture wherein a 

single clock frequency can be varied dynamically is described with refcmice to FIG 11. 

A minimum clodc frequency necessary to assure a dock frequency necessitated by an 
OS or a function of a Systran is rqjresented by AO. It is to be noted hae fliat, for the dodc 
frequraK^ AO, a high» one of a frequency value necessary for the OS and a frequency value 
20 necessary for system assurance is adopted. 

It is assumed diat the clock fiequendes necessitated by all threads are found through a 
measurranent in advance. In particular; the dodc frequency necesatated by a thread 1 is Al 
measured in advance, and flie clodc frequoicy necesdtated by a thread 2 is A2. Smrilariy, the 

clodc fiequendes necessitated by threads 3. 4, 5,... are A3, A4,A5 respectively Itistobe 

25 noted that, \n*ile desccption is given with regard to a thread or tineads, the thread or threads 
may be replaced suitably by a process or processes in the foregoing description and in tiie 
following description. 

The dodc fiequency when only the OS is operating is AO, and if it is tried to activate 
tiie tiiread 1, the value "AO + Al" obtained by adding the dodc fiequency Al necessitated by 
30 the flnead 1 to die ckxk fisquencgr AO is set Thus, a dodc of the fisquency "AO + Al" is 
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f^..c^iy^^ «»«-'teadi.a«iv«ed.«erftecI«tfie,«^i, 

«A0 + Al + A2» „^ ,K>, posdHy be set aca^Iy as it is depeodi,g ^ hariwa^ 

ooofigu^io. '■-*--'--.'toc>«*fie<peocyshouldbese.«,a™iu.wlnd>is™, 
lawerfta„..A0*Al+A2". For«ampte,ae^^^^4,^.^^^ 

nmybeseIectedamongaitoa^ifctates^„Ugteflmte"AOH.AlH.A^ era 
«'*'=^'-»8ai«=^fe,u«=i^ 

15 value to be used 

0» coDtnoy. wto il is i««„ded to e^d the tt^ 2 white to teads 1 « 3 
«ivat«, (toc.o*fie<pency in this instance is "AO. Al * A2. A3T. tododcfte.pe^is 
lowe,ed.o"A0.Al.A3"„htaioedb,suh«acti.gtocUx*Se^A2^.^^ 
toad2fiomtododciie,pe«y«AO*Al+A2 + A3"afl«tofl^2i,^ Jt^ 

M 'to^iAlisaKtedftrthe^tododcfi.q^e.Kyis^rt^rlowe.ed^,-^^^ Sincere 
*ok fie^^ is ^ a thtead is e„d«J in ftis i„ ^.^^^ 

t-vmted. and since to cteck fiequeocy is Ic^e^ hy an anK^mneces^ 

immediately after the thread comes tn an « 

uucaa comes to an end, the power oonsunqrtion can be reduced 

immediatdLy. 

5 ''''"'"'"^^'^'^■-""ddesadb^labo^eanbcaR.HedsinMyalso.oa 
c^whc«inaph„ali.yrfsources(<Jodcsignalgene«tionelen««s)wh^ 

VMnOfe '^«»i»«-e.a»ecessaryfe^ency(BO,Bl.B2.....CO.Cl.C2....,c.to.ike) 
toadiiii=™.dod.naayi»iivid„aUybe^„suh,««edin.esp^ 

of a thread or a process. 
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can be antic^aliB± 

It is possible to augmeant a perfoimance or lower tbe power oansumplion by 
controlling ihe fieguency or fihe power supply voltage using information wMdi cannot be 
grasped only by software; 

It becomes possible to designate an optimum fiequaicy or an pplimum range of 
fijequoiqr by means of an ^Hcatian and prevent performance detedoration by an inadvatemt 
ftequeocy drop or increase of the power coDsuiiq>tian by inadvotoit increase of the becpnaicy. 

Even in a situadcHi wherein a plurality of applications ate active and another job is 
being processed on Ihe background, it is possible to perfOTm optimum frequoicy festting by 
means of a fiequoicy m a n ager which appropriately grasps and manages the situation. 

Since the clock firequency can be raised to a necessary level before a thread or a 
process is activated, shortage in peifotmaiKe does not occur immediately afber the thread or 
process is activated Furtha; when a flnead or a process is to be ended, since the clock 
fiequaiQr can be lowered hnmediately after the thread or process comes to an aid, the power 
consunqjtion.can be reduced immediately. In otiier words, since clock ftequendes 
necessitated by individual tihreads or processes are measured in advance a necessary clodc 
fiequency can be suppHed ^)propiiately, and tiioeforB, fine power contiol can be achieved. 

I^roUSTRIALAPPOCABILITY 

The pTKCTt invention can be ^lied not only to a fiequency control apparatus, an 
information processing apparatus and a program for use with the apparatus but widely to 
information recording media on whidhi a program having tiie opaaticMi ftequaocy limitatian 
function described above is recorded (fliat is, various recording media and stora^ media which 
can be loaded into an information processing apparatus to install the program into a memory), 
operation fiequency ]imitati(»i mefliods for an object of control and so forlh. 



